Products of genes encoded within the major histocompatibility complex (MHC) 1 perform a critical role in the recognition by T cells of conventional (non-MHC) antigens in that T cells recognize conventional antigens presented in the context of specific self MHC determinants (1) (2) (3) (4) . Studies with T cells from semiallogeneic (A ~ A × B and A × B ~ A) radiation bone marrow chimeras have suggested that the selection of specific MHC determinants to serve as self structures for the recognition of conventional antigens is not determined by the genotype of the T cells, but rather is dictated by the MHC phenotype of the environment in which T cell precursors differentiate (5-11). However, two different sets of experimental results have raised serious doubts concerning the validity of the concept that self recognition is a consequence of the MHC determinants expressed in the differentiation environment in which T cell precursors mature.
First, most experiments utilizing T cells from fully allogeneic (A --* B) radiation bone marrow chimeras have failed to fulfill the prediction that A --* B T cells would be restricted to the self recognition of only B MHC determinants (7, 8, 12, 13) . Indeed, some studies with fully allogeneic chimeras have failed to detect the existence of any competent T cell function by cells of donor bone marrow origin (7, 8, 12) , whereas other studies in which competent T cell function was observed found that the receptor repertoire of these T cells was not restricted to the self recognition of host MHC determinants (13) . Second, a number of acute-depletion-type experiments have failed to fulfill the prediction that strain A T cell populations that had been acutely depleted of anti-B alloreactivity would be restricted to the self recognition of only syngeneic A MHC determinants (14) (15) (16) (17) . In these experiments, strain A T cells that had matured in a normal strain A environment and had been acutely depleted of aUoreactive anti-B specific cells were able to recognize both A and B self MHC determinants. Because t Abbreviations used in th/¢ paper: B + Accessory cells, spleen cells from which T cells were removed by pretreatment with either a T cell-specific cytotoxic rabbit anti-mouse brain reagent or with a monoclonal anti-Thy-1.2 reagent plus complement; C, complement; CML, cell-mediated lympholysis, CTL, cytotoxic T lymphocytes; KLH, keyhole limpet hemocyanin; MHC, major histocompatibility complex; NNA, nylon nonadherent; PBL, peripheral blood lymphocytes; PFC, plaque-forming cells; RAMB, rabbit anit-mouse brain serum; (T,G)-A--L; poly-t.-(Tyr,Olu)-poly°D,L-Ala--poly-L-Lys; TNP, trinitrophenyi; SAC, spleenadherent cells, SRBC, sheep erythrocytes.
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THE JOURNAL OF EXPERIMENTAL MEDICINE. VOLUME 153, 1981 of these apparently contradictory results, it was important to reevaluate the concept that T cell self-recognition is determined by the MHC: phenotype of the environment in which T cell precursors differentiate. In this study, the tolerance, competence, and self recognition specificities of T cells from semiallogeneic (A ~ A × B and A × B ~ A) and fully allogeneic (A ~ B) chimeras were evaluated. An additional type of chimera, referred to as a double donor chimera (A + B ~ A), was constructed so that the self recognition specificities cotild be evaluated for homozygous T cells that matured in a syngeneic A environment while being tolerized to allogeneic B MHC determinants. The T cell self recognition repertoire expressed in these experimental animals, was assessed utilizing a primary in vitro T-helper cell-dependent plaque-forming cell (PFC) response as the experimental assay so that two requirements could be fulfilled that are critical for the accurate evaluation of T cell self recognition in complicated chimeric animals: First, all of the interacting cell populations were derived from unprimed animals to avoid potential distortions in the T cell repertoire of chimeric mice resulting from the selective expansion of those T cells triggered by the immunizing antigen in association with the antigen-presenting accessory cells resident in the chimeras. Second, antigenpresenting accessory ceils were always clearly identified and added separately into the cultures, avoiding uncertainties as to the MHC phenotype of the antigen-presenting accessory cells functioning in these responses. The results of experiments so constructed clearly demonstrate that the MHC determinants which T-helper cells recognize as self structures are those expressed on a radiation-resistant element in the environment in which T-helper cells differentiate.
Materials and Methods
Animals. C57BL/10Sn (B10), B10.A, and (B10 X B10.A)F1 mice were obtained from The Jackson Laboratory, Bar Harbor, Maine. Males 2-5 mo old were used in all experiments.
Chimeras. Chimeras are designated as bone marrow donor ~ irradiated recipient. Recipient mice for A ~ A × B, A × B ---* A, and A ~ B chimeras were irradiated with 950 rad (x ray) and reconstituted 2-6 h later with 15 × 106 bone marrow cells that had been pretreated with rabbit anti-mouse brain serum (RAMB) and complement (C) as previously described (11). Mice for A + B ---* A chimeras were similarly constructed except that they were reconstituted with 10 x t06 bone marrow cells of strain A and 20 × l0 s bone marrow cells of strain B. Spleen cells were obtained from each chimera no earlier than 2 mo postirradiation and were individually typed by indirect immunofluorescence using H-2-specific reagents as previously described (11). By such testing, spleen cells from each chimera (except the double donor chimeras) were of donor origin without detectable (<5%) cells of host origin. In the ease of double donor chimeras, their peripheral blood lymphocytes (PBL) were first typed by indirect immunofluorescence to ascertain that each chimera was balanced. At the time of the experiment, the spleen cells from A + B ---* A chimeras were typed to further confirm that each double donor chimera contained cells of each donor haplotype. No discrepancy between the typing of PBL and spleen cells were observed. All chimeras were housed in a limited-access facility, with long-term survival >60% for every type of chimera.
Antigens. Keyhold limpet hemocyanin (KLH; lot 530195; Calbiochem-Behring Corp., American Hoechst Corp., San Diego, Calif.) and poly-L-(Tyr,Glu)-poly-D,L-Ala--poly-L-Lys [(T,G)-A--L] (lot MC-8; Miles-Yeda Research Laboratories, Rehovot, Israel) were conjugated with 2,4,6-trinitrobenzene sulfonate (Pierce Chemical Co., Rockford, Ill.) as previously described (18) . The concentration of each antigen used in culture was the optimal concentation for that antigen and was 5-10/~g/ml final concentration trinitrophenyl (TNP)-KLH and 0.8/xg/ml TNP-(T,G)-A--L.
Preparation of Cell Subpopulations. T cells were prepared by passage of spleen cells over nylon fiber columns and collection of the nylon-nonadherent (NNA) eluate (18) . Cells, designated B + accessory cells, were prepared by depleting spleen cells oft cells by pretreatment with either a T cell-specific cytotoxic RAMB reagent (18) or with a monoclonal anti-Thy-l.2 reagent + C, which was the generous gift of Dr. P. Lake, University College, London, England. Spleen cells were depleted of adherent accessory cells by passage over G-10 Sephadex columns. This procedure markedly reduces the percentage of latex-ingesting cells although not significantly altering the percentage of T cells or B cells (19) . Spleen adherent cells (SAC) were utilized as accessory cell populations and were prepared by 2-h adherence to glass followed by treatment with RAMB + C and irradiation with 1,000 rad (19) .
Anti-H-2K k + C Treatment of Cells. Monoclonal anti-H-2K k reagent was a culture supernate of the hybridoma 11-4.1, described by Oi et al. (20) 6and obtained from the Cell Distribution Center of the Salk Institute (La Jolla, Calif.). 5 × 10 cells/ml were treated with a 1:4 dilution of this reagent for 30 rain at 37°C followed by treatment with a 1:6 dilution of rabbit C for an additional 30 min at 37°C.
Culture Conditions for the In Vitro Generation of PFC. All cultures were performed in a volume of 200 #1 per flat-bottomed well of microtiter plates and were incubated for 4 d in a 5% CO2-humidified air atmosphere as previously described (18) . The cell number in each culture was 5 X 10 5 cells or as otherwise stated. Sheep erythrocytes (SRBC) were conjugated with TNP (TNP-SRBC) and direct IgM PFC to TNP-SRBC were assayed by the slide modification of the Jerne hemolytic plaque technique (18) . All points shown in each experiment represent the geometric mean responses of at least three replicate cultures for TNP-KLH or replicate culture groups (each culture group consisted of a pool of two individual cultures) for TNP-(T,G)-A--L Culture Conditions for the Generation of Cytotoxic T Lymphocytes (CTL). All cultures consisted of 6 8 6 2 × 10 -4 × 10 responding spleen cells and 1 × 10 2,000-rad irradiated stimulator spleen cells in a volume of 2 ml minimum essential medium-fetal calf serum incubated for 5 d in a 5% COs-humidified air atmosphere. Cells were harvested and assayed for their ability to lyse 51Cr-labeled eoncanavalin A blasts as target cells in a 4-h chromium-release assay (21) . radiation bone marrow chimeras of all combinations contained T cells that were competent to recognize and respond to third party H-2 a alloantigens. In contrast, none of the chimeric cell populations reacted significantly against either H-2 a or H-2 b determinants, indicating that these populations were tolerant to those MHC determinants. Similar results were obtained with chimeric spleen cells when assayed by mixed lymphocyte reactions (data not shown). Thus, the T cell populations present in these chimeras were tolerant to their own MHC determinants, to the MHC determinants expressed by the chimeric host, and to the MHC determinants expressed on other lymphoid cells present in their differentiation environment.
Results

Assessment of AUoreactivity and Tolerance in Semiallogeneic (
Intact Spleen Cell Populations from Fully Allogeneic Chimeras Are Not Competent to Generate In Vitro Prima~y PFC Responses to TNP-KLH.
As a first step in the analysis of the self specificity of chimeric T-helper cells, the ability of unfractionated spleen cells from chimeras to generate T-helper cell-dependent primary in vitro anti-hapten PFC responses to soluble TNP-KLH was determined (Table I A was restricted to interacting with cells expressing host and not donor MHC determinants; or (c) responses were nonspecifically but actively suppressed.
To distinguish among these possibilities, a cell-mixing experiment was performed. Unfractionated spleen cells from an unresponsive B10 ~ B10.A chimera were cocultured with an equal number of unfractionated spleen cells from a reciprocal and equally unresponsive B 10.A ~ B 10 chimera. The mixed population of chimeric spleen cells should remain unresponsive to TNP-KLH if the immune cell populations in the spleens of these mice were either functionally incompetent or nonspecifically suppressed. However, if the immune cell populations in the spleens of these mice were competent but host restricted in their cellular interactions, then the cocuhure of BI0 B10.A and B10.A ~ B10 spleen cells should be responsive to TNP-KLH. As can be seen in Table IB , cocultures of B10 ~ B10.A and BI0.A ~ B10 spleen cells were competent to generate responses to TNP-KLH. Thus, these results demonstrate that each of the cell populations required for the generation of primary PFC responses to TNP-KLH did mature into functional competence in an allogeneic MHC environment and suggest that the lymphocytes from fully allogeneic chimeras are restricted to the self recognition of host MHC determinants.
Restricted Self Recognition by Chimeric Lymphocytes of MHC Determinants Expressed by
Accessory Cells. The possibility that lymphocytes from fully allogeneic chimeras were competent but host restricted in their self recognition repertoire was assessed by examining the ability of chimeric lymphocytes to recognize and cooperate with accessory cells expressing either donor or host MHC determinants. Spleen cell populations from A ~ A × B, A × B ~ A, and A ~ B chimeras were depleted of adherent accessory cells by passage over G-10 Sephadex, a procedure which also abrogated the ability of the remaining (T + B) cells to respond to soluble TNP-KLH (Fig. 2) . Consistent with previously reported results (11), [ymphocytes from A --~ A × B chimeras were capable of cooperating with SAC from either parent A or B (Fig.  2 A and B) , whereas lymphocytes from A × B --~ A lymphocytes were restricted to cooperating only with SAC expressing the MHC determinants of parent A (Fig. 2 C  and D) . More importantly, the lymphocytes from fully allogeneic A ~ B chimeras were similarly competent and restricted to cooperating with accessory cells expressing only host-type MHC determinants ( Fig. 2 E and F) .
Even though no residual host ceils were ever detected in the spleens of these chimeras by indirect immunofluorescence, it was important to consider the possibility that the functionally competent and host MHC-specific lymphocytes present in A B chimeras might be of host B origin. Consequently, an experiment was performed in which the spleen cell populations from B10 --~ B10.A chimeras were pretreated with monoclonal anti-H-2K k + C to eliminate any residual host B10.A cells (Table  II) . As before, B10 ~ B10.A spleen cells did not themselves respond to TNP-KLH; however, upon the addition of B10.A (but not B10) SAC, the chimeric lymphocytes were able to generate responses to TNP-KLH. Treatment of this B 10 ~ B 10.A spleen cell population with anti-H-2K k + C had very little effect on responsiveness (Table  II) . The minimal enhancement of responses observed after anti-H-2K k + C treatment was consistently observed with treatment of all spleen cell populations with C alone. Three conclusions can be drawn from this series of experiments: First, it can be concluded that lymphocytes from fully allogeneic A --~ B chimeras are competent but restricted to interacting with accessory cells which express host, not donor, MHC determinants. The failure of unfractionated spleen cells from fully allogeneic chimeras to respond to TNP-KLH thus results from the absence in these chimeras of accessory cells expressing host MHC determinants. Second, it can be concluded that the only MHC-restricted cell interactions required for the generation in vitro of these primary PFC responses occurs between lymphocytes and accessory cells, because otherwise the addition of host strain B accessory cells to cultures of spleen cells from A ---* B fully allogeneic chimeras would not have been sufficient to reverse the unresponsiveness of these spleen cells. Third, it can be concluded that the MHC determinants that mature T-helper cells recognize as self structures are those that were expressed by the host environment in which their precursors matured.
Self Recognition by Lymphocytes from Double Donor (,4 4-B ~ A) Chimeras.
Although the experiments presented thus far demonstrate that the MHC determinants recognized as self structures by chimeric T cells are those of the chimeric host, the possibility must bc considered that self recognition of allogcncic host MHC determinants might result simply from the tolcrization of precursor T cells to these determinants and not from the influence of any specific host clcrncnt, such as the thymus. It was to directly cxarninc such a possibility that double donor A + B ----) A chimeras wcrc constructed. The behavior of strain B lymphocytcs from A + B ----) A double donor chimeras would not bc expected to bc particularly informative because these cells should bc similar to the strain B lyrnphocytes from B ---* A allogcncic chirncras already examined. In contrast, the behavior of strain A lyrnphocytcs from A + B ----) A double donor chimeras should bc uniquely informative because these lyrnphocytcs will have differentiated in a syngcncic A host environment while simultaneously being tolcrizcd to allogcncic B MHC dctcrrninants. The lyrnphocytes from all double donor chimeras wcrc typed to ascertain that each animal had bccn rcpopulatcd by lymphocytes of both donor types. This was critical because the mice that had not bccn rcpopulatcd with strain B lyrnphocytcs wcrc not tolerant to B MHC determinants. Indeed, 86% of A + B ---* A chimeras which wcrc constructed with 107 strain A and 2 X 107 strain B bone marrow cells contained significant numbers of lymphocytes from both strain B (36 ztz 2%) and strain A and were tolerant to both A and B MHC determinants (Fig. 1) . As previously demonstrated, unfractionated spleen cells from BI0 + B10.A ---* B10 and B10 + B10.A --* B10.A chimeras were competent to respond to TNP-KLH (Table IA) . Removal of adherent accessory cells from such spleens by G-10 Sephadex passage markedly diminished their ability to respond to TNP-KLH (Fig. 4) . The responses of lymphocytes from B10 + B10.A ~ B10 chimeras were only reconstituted by the addition to culture of B10 SAC but not BI0.A SAC, whereas the responses of lymphocytes from B10 + BI0.A---* B10.A chimeras were only reconstituted by the addition to culture of BI0.A SAC but not B10 SAC (Fig. 4) . These results suggest that even though the lymphocytes from double donor A + B ~ A chimeras were tolerant to both A and B MHC determinants, they were restricted to the self recognition of host A MHC determinants. To next assess the self recognition specificity of the strain A lymphocytes in these A + B ~ A double donor chimeras, B10 lymphocytes were isolated from B10 + B10.A--* BI0 chimeras by eliminating the B10.A lymphocytes from the spleens of these mice by treatment with anti-H-2K k + C. As can be seen in Table III , the marked preference of unseparated B 10 + B 10.A ---* B 10 lymphocytes for cooperation with B10 SAC was also expressed by the B10 lymphocytes isolated from these same chimeras. Because strain A lymphocytes from A + B ~ A double donor chimeras were tolerized to allogeneic strain B MHC determinants but only recognized syngeneic host MHC determinants as self recognition structures, it can be concluded that the expression of a receptor repertoire specific for the self recognition of allogeneic MHC determinants is not merely a consequence of the tolerization of precursor T cells to allogeneic determinants. Rather, these results suggest that self recognition is specifically dictated by radiation-resistant host elements in the differentiation environment.
Strain A Lymphocytes fiom A 4-B ---* A Double Donor Chimeras Recognize as Self-Structures the MHC Determinants of Strain A but not Strain B
G
Complet e Reversal of the Immune Response (Ir) Phenotype of Lymphocytes fiom Fully Allogeneic
Chimeras. Because Fig. 5 A and B) . In the presence of Fx SAC all three lymphocyte populations were able to generate significant responses to TNP-KLH (Fig. 5 B) . In this same experiment, the ability of normal F1 and chimeric lymphocytes to cooperate with parental responder and nonresponder SAC was also determined. As can be seen, responsive lymphocytes (normal F1 and B10.A ~ B10) only generated responses to TNP-(T,G)-A--L in the presence of responder B10 but not nonresponder BI0.A SAC (Fig. 5(2 and D) .
This experiment demonstrates for that class of Ir genes that regulates the responsiveness of H-2" and H-2 b mice to TNPo(T,G)-A--L Ir gene function is expressed at both the accessory cell level and the lymphocyte level, and that the ability of lymphocytes to function in these responses is a consequence not of their genotype but of the Ir phenotype of the environment in which they differentiate. The striking parallel between the ability of lymphocytes to respond to TNP-(T,G)-A--L and their ability to recognize as self-structures the MHC determinants of the high responder haplotype is consistent with the concept that the products of MHC-linked Ir genes are MHC-encoded cell surface determinants, such as the Ia antigens, which are recognized by T-helper cells as self structures.
Discussion
Self determinants are those MHC determinants which individual T cells recognize to respond to conventional (non-MHC) antigens, and are not necessarily the MHC determinants which the T cells themselves express. This study has further analyzed the role of the differentiation environment in dictating the MHC determinants competent T cells recognize as self structures. The experiments presented in this report have demonstrated that: (a) T-helper cells from fully allogeneic radiation bone marrow chimeras are functionally competent and recognize as self structures the allogeneic MHC determinants expressed by the chimeric host, but not the syngeneic MHC determinants expressed by the T cells themselves; (b) the recognition of allogeneic host MHC determinants as self structures results from the specific function of a radiation-resistant host element, and is not simply a consequence of the tolerization ofT cell precursors to allogeneic host MHC determinants; and (c) the function ofT-helper cells in responses regulated by MHC-linked Ir genes parallels their ability to recognize as self structures the MHC determinants of the high responder haplotype. Thus, the results of this study support the concept that the MHC determinants which T cells specifically recognize as self structures are those MHC determinants expressed on a radiation-resistant host element encountered by T cell precursors at a critical point in their differentiation (7) .
Because these experiments demonstrate the existence of competent T cell function in A ~ B fully allogeneic chimeras, they directly conflict with the reported failure to generate virus-specific cytotoxic T lymphocytes (CTL) in fully allogeneic chimeras (7, 8, 12) . The failure to detect competent virus-specific CTL in fully allogeneic chimeras therefore either reflects differences in the maturation requirements of T-helper cells versus CTL or results from specific features of the viral CTL assay itself. Because CTL also differentiate into thnctional competence in a fully allogeneic environment (A. Kruisbeek, R. J. Hodes, and A. Singer, manuscript in preparation), the possibility must be considered that the failure to generate virus-specific CTL from the spleens of fully allogeneic chimeras simply resulted from the failure to trigger the CTL precursors that were present, even though the lymphocytes from A --* B chimeras were acutely transferred into irradiated and virally infected (A × B)F1 recipients to provide accessory cells expressing host type MHC determinants. Such a maneuver had been successful in activating the strain B-restricted CTL present in the spleens of A ~ A × B semiallogeneic chimeras (7, 8) . However, unlike spleen cells from A ~ A × B semi-allogeneic chimeras which are tolerant to parental as well as F1 MHC determinants, spleen cells from A --~ B fully allogeneic chimeras might be expected to be alloreactive against the unique hybrid determinants expressed on (A × B)F1 cells (22) , because A --~ B chimeric lymphocytes have never been exposed or tolerized to such hybrid F1 determinants. Indeed, as assayed in mixed lymphocyte reactions, spleen cells from A --* B fully allogeneic chimeras are alloreactive against the hybrid MHC determinants expressed on (A X B)F1 cells (A. Singer, K. Hathcock, and R. J. Hodes, unpublished results). It is therefore possible that the alloreaction of A ~ B chimeric spleen cells against the hybrid determinants expressed in the irradiated F1 short-term host interfered with the ability of thc F~ presenting cells to activatc the compctcnt virus-spccific CTL prcscnt in thc allogcncic chimcra splccn ccll population. Thus, thc failure to dctcct competent T ccll function in fully allogcncic chirncras is probably a rcsuh of charactcristics of thc assays uscd to assess functional competence and not of thc abscncc of compctcnt T cclls. Indccd, in addition to thc present study, competent and host-restricted T ccll function in fully allogcncic chimeras has also bccn rcportcd in othcr functional systcms as well (23, 24) .
The rcstrictcd sclf recognition of host MHC dctcrminants by T cells from fully allogcncic A ~ B chimeras rcsultcd in the ability of strain A cells to rccognizc allogcncic B MHC dctcrminants, but the failure to rccognizc syngcncic A MHC determinants. In contrast, thc rcstrictcd self recognition of host MHC dctcrminants by T cclls from A + B ---* A double donor chimeras rcsultcd in thc ability of strain A T cells to rccognizc syngcncic A MHC dctcrminants but thc failure to recognize allogcncic B determinants. Thus, cxpcrimcnts with double donor chimcras dcmonstratcd that tolcrization of T cell precursors to allogcncic MHC dctcrminants was not sufficient for thosc determinants to bc recognized as self structures and suggcstcd that the selection of MHC determinants to bc rccognizcd as sclf structurcs is a function of a spccific radiation resistant host clcmcnt, such as the thymus. These results are compatiblc with somc acutc dcplction studies (25, 26) but conflict with othcrs in which strain A lymphocyte populations that had bccn dcplctcd in vitro of anti-B allorcactivity still containcd T cclls that could recognize allogcncic B MHC determinants as self structures (14) (15) (16) (17) . Thc diffcrcncc in results bctwccn thc doublc donor chimcra cxpcrimcnts and those latter acutc-dcplction experiments may reflect rcal diffcrcnccs in the sclf recognition rcpcrtoircs of strain A T cclls that maturcd in an A thymus whosc precursors wcrc tolcrizcd to allogcncic B MHC dctcrminants cithcr bcforc or concomitant with thc gcncration of their sclf rccognition repertoire compared with strain A T cclls that had also matured in an A thymus but had not bccn tolcrizcd to allogcncic B MHC dctcrminants until after thcir self recognition repertoire had bccn cstablishcd. Onc way of understanding why thc sclf recognition rcpcrtoircs in thcsc two cascs would bc diffcrcnt is to hypothcsizc that thc MHC-spccific sclf rccognition rcpcrtoirc is highly dcgcncratc such that the same receptors which spccifically rccognizc A MHC dctcrminants as sclf structurcs can also cross-rcactivcly recognize other MHC dctcrminants as sclf structures as well. In othcr words, thc sclf recognition rcpcrtoirc can bc conccivcd as consisting of two distinct receptor spccificitics: (a) a direct specificity for the self recognition of thymic cxprcsscd MHC dctcrminants, and (b) cross-rcactivc spccificitics that fortuitously rccognizc thirdparty MHC determinants. However, tolcrization of precursor cclls to thc MHC dctcrminants prcscnt in thcir diffcrcntiation cnvironmcnt results not only in thc deletion of cloncs allorcactivc to thosc MHC determinants but also in thc dclction of clones cross-rcactivc to those MHC dctcrminants. Bccausc precursor cells arc tolcrizcd to both donor and host MHC dctcrminants, thc cross-rcactivc rcpcrtoirc is limited to the cross-reactive recognition of only third-party MHC determinants and not thosc of cithcr thc donor or host. Conscqucntly maturc T cells populations cxprcss a sclf rccognition rcpcrtoirc spccific for thc recognition of thymic MHC dctcrminants and cross-rcactivc for thc sclf-rccognition of third-party, i.e., ncithcr donor nor host, MHC determinants. From this pcrspcctivc, the diffcrcncc in results bctwccn chimcra cxpcrimcnts and acutc-dcplction cxpcrimcnts results from thc fact that chimera cxpcrimcnts focus on the direct specificity of the self recognition repertoire, whereas acute depletion experiments focus on the cross-reactivity of that same repertoire.
The T cell self recognition repertoire has so far been considered in terms of its recognition of whole MHC haplotypes. However, in terms of Ir gene regulation the T cell self recognition repertoire might be better analyzed in terms of its recognition of individual MHC specificities that are encoded within a single MHC haplotype. Indeed, it can be hypothesized that all conventional antigens are presented by accessory cells and recognized by T cells in association with individual MHC specificities, though not necessarily those defined serotogically (27, 28) . In other words, conventional antigens such as KLH might be presented by strain A accessory cells in association with a variety of individual A specificities (e.g., al, a2, a4) so that the only T cells that respond to KLH presented by strain A accessory cells are those with receptors capable of recognizing both KLH and the individual MHC specificities al, a2, or a4. However, because the self recognition repertoire is degenerate, it is possible that T cells that recognize a particular specificity (e.g., al) as a self recognition structure might incidentally alloreact against another MHC specificity (e.g., a4) that is also encoded within the A haplotype. The tolerization of precursor clones to a4 then coincidentally results in the deletion of clones specific for the self recognition of al. As a result, there will be a mini-hole in the self recognition repertoire specific for the self recognition of al expressed by all T cell populations whose precursors were tolerized to A MHC determinants. Because all precursor clones that utilized al as a self recognition specificity were deleted regardless of their antigen specificity, all T cell populations tolerant to A will be unable to recognize and respond to any conventional antigen presented in association with al. However, if an antigen such as (T,G)-A--L is presented by strain A accessory cells in association with a single self specificity and that self specificity happens to be al, all the T cell populations that are tolerant to A will be unresponsive to strain A accessory cells presenting (T,G)-A--L. Even though these T cell populations would be unresponsive to any antigen presented in association with al, the nonresponsiveness of these T cells to strain A accessory cells appears to be specific for (T,G)-A--L because: (a) multi-determinant antigens such as KLH are presented by strain A accessory cells in association with many specificities encoded within the A haplotype in addition to al, and (b) other simple antigens that might also be presented by strain A accessory cells in association with only a single MHC specificity might be presented in association with a self-specificity other than al. Thus, even though Ir gene regulation appears to be exquisitely antigen specific, it can result from antigen-nonspecific deletions in the T cell self recognition repertoire. This antigen-nonspecific clonal deletion model for Ir gene regulation is consistent with the dominant inheritance pattern of Ir gene-regulated responsiveness in (nonresponder × responder)F1 individuals because the tolerization of (A X B)F1 precursors to both parental MHC haplotypes (i.e., tolerization to specificities al-an and bl-bn) would coincidentally result in the deletion of precursors specific for the self recognition of low responder specificity al but not the deletion of precursors specific for the self recognition of the high responder specificity (e.g., bl) which is utilized by high responder parent B accessory cells for the presentation of (T,G)-A--L. This antigennonspecific clonal deletion model is similar to another model which also proposed that Ir gene-regulated nonresponsiveness occurs as a consequence of tolerization to the low responder haplotype (29) , but significantly extends this other model by proposing a mechanism by which antigen-nonspecific clonal deletions can result in apparent antigen specificity.
In summary, the experiments presented in this report demonstrate that the MHC determinants which T cells specifically recognize as self determinants are those expressed on a radiation-resistant host element. It is suggested that the self recognition repertoire is degenerate in that T cells can cross-reactively recognize MHC determinants that were not expressed in their differentiation environment, but that such cross-reactive self recognition does not include MHC determinants to which the precursor T cells were tolerized. Furthermore, it is suggested that antigen-specific Ir gene regulation of immune responses may derive from the existence of antigennonspecific mini-holes in the self recognition repertoire.
Summary
The specificity of the self-recognition repertoire in fully allogeneic (A ~ B), semiallogeneic (A ~ A × B and A × B ~ A), and double donor (A + B ~ A) radiation bone marrow chimeras was assessed by the ability of their spleen cells to generate in vitro primary plaque-forming cell (PFC) responses to trinitrophenylkeyhole limpet hemocyanin. In contrast to spleen cells from semiallogeneic and double donor chimeras, intact spleen cells from fully allogeneic BI0 ~ B10.A and B10.A B10 chimeras were not capable of generating responses to trinitrophenyl (TNP)-keyhole limpet hemocyanin. However, cultures containing a mixture of both BI0 B10.A and B10.A ~ BI0 spleen cells did respond, demonstrating that all the cell populations required for the in vitro generation of T-dependent PFC responses were able to differentiate into functional competence in a fully allogeneic major histocompatibility complex (MHC) environment. The self recognition repertoire of T-helper cells from fully allogeneic A ~ B chimeras was determined to be specific for the recognition of host, not donor, MHC determinants in that they were able to collaborate with cells expressing only host MHC determinants but not with cells expressing only donor MHC determinants, even though the functional lymphocytes in these chimeras were shown to be of donor origin. Experiments utilizing double donor A + B ~ A chimeras further demonstrated that the ability of chimeric T cells to recognize allogeneic MHC determinants as self structures was a function of a radiation-resistant host element and not simply a consequence of the tolerization of T cell precursors to allogeneic MHC determinants, because strain A lymphocytes isolated from A + B A chimeras were tolerant to both A and B MHC determinants but were restricted to the self recognition of syngeneic host type A MHC determinants. The ability of lymphocytes to function in TNP-(T,G)-A--L responses was not determined by their genotype but rather paralleled the specificity of their self recognition repertoire for high responder (H-2 b) determinants. The possible degeneracy of the MHC-specific self recognition repertoire is discussed, and a model is proposed for Ir gene regulation in which expression of Ir gene function by lymphocytes is an antigennonspecific consequence of the specificity and cross-reactivity of their self recognition repertoire.
